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Two complexes localize to the central spindle and
regulate completion of cytokinesis: one, central-
spindlin, contains a kinesin-like protein and a Rho-
family GAP; the second contains Aurora B kinase.
Aurora B kinase is known to regulate localization of
centralspindlin and may regulate the activity of the
RhoGAP component of centralspindlin.
At the metaphase-to-anaphase transition of the
eukaryotic cell cycle, the mitotic spindle undergoes
three critical rearrangements in preparation for cell
division. Specifically, kinetochore microtubules are
induced to shrink, delivering sister chromatids to 
the poles of the spindle; some non-kinetochore
microtubules become bundled to form the central
spindle; and other non-kinetochore microtubules slide
in an antiparallel fashion to induce spindle elongation.
These three processes involve distinct microtubule-
based motors.
One motor that mediates central spindle assembly is
a kinesin known as MKLP1 in humans, ZEN-4 in
Caenorhabditis elegans and Pavarotti in Drosophila.
ZEN-4/CeMKLP-1 binds to a Rho family GTPase
activating protein (GAP) known as CYK-4 in C. elegans
— HsCYK-4/MgcRacGAP in humans — to form the
evolutionarily conserved centralspindlin complex [1–4].
The ability of centralspindlin to bundle microtubules in
the central spindle requires both subunits of the
protein complex, both in vivo and in vitro [1]. It is not
yet known in detail how this complex mediates micro-
tubule bundling.
In C. elegans, several studies indicate that central
spindle formation requires the Aurora B kinase
complex, at least in part because it helps ensure that
centralspindlin is stably localized [5–7]. This is not the
first event during mitosis that requires Aurora B — this
kinase complex is also critical for proper orientation of
sister kinetochores. As Aurora B has essential
functions, it is not possible to generate cells or strains
in which this kinase has been deleted. Rather, the
function of this kinase has been probed by conditional
mutations in yeast, RNA interference (RNAi) in
C. elegans embryos and various cell lines, and by
overexpression of catalytically inactive mutants. 
These various approaches have led to some
conflicting results concerning the various functions of
Aurora B observed in metazoan systems. For example,
in some cells, overexpression of kinase-dead Aurora B
affects cytokinesis and not chromosome segregation
[8], whereas in Drosophila cells depletion of Aurora B
complex subunits has been reported to affect chromo-
some segregation but its effects on central spindle
assembly have been controversial [9,10].
Recently, a fourth approach has been enlisted,
using selective kinase inhibitors  to inhibit Aurora B in
mammalian cells [11,12]. These studies confirm and
significantly extend our understanding of the role of
Aurora B in biorientation of sister kinetochores and in
regulation of the spindle assembly checkpoint. The
localization of the centralspindlin complex and central
spindle assembly were found to be defective in cells
in which Aurora B kinase activity is pharmacologically
inhibited [11]. Thus, it appears that Aurora B probably
has a conserved role in central spindle assembly. It is
conceivable that some of the weaker phenotypes
described earlier resulted from partial inhibition of the
kinase or difficulties in identifying anaphase cells
among highly affected cells in asynchronous cultures.
Both the centralspindlin complex and the Aurora B
kinase complex localize to the central spindle, albeit
with some differences, centralspindlin being more
restricted to the center of the structure [2]. Given the
partially overlapping distribution of these complexes, it
is attractive to consider that Aurora B might directly reg-
ulate the centralspindlin complex. A recent paper by
Minoshima et al. [13] investigated the possibility that the
Aurora B kinase complex regulates the GAP activity of
HsCYK-4/MgcRacGAP. Interestingly, although the GAP
domains of both MgcRacGAP and C. elegans CYK-4
are broadly active against Rho family GTPases, they are
20–30 fold more active against Rac and Cdc42 than
against RhoA [2,14]. This is somewhat counterintuitive,
as loss-of-function studies indicate that neither Rac nor
Cdc42 are essential for cytokinesis in mammalian cells
nor in nematodes, though RhoA is essential [15].
Minoshima et al. [13] suggest that phosphorylation of
MgcRacGAP on serine 387 by Aurora B may activate
the GAP activity of MgcRacGAP towards RhoA and
inhibit its activity towards Rac.
Minoshima et al. [13] found that recombinant
Aurora B kinase — in the absence of its associated
subunits, which are known to regulate Aurora B
kinase activity — can phosphorylate MgcRacGAP.
They found that Aurora B could phosphorylate a frag-
ment of MgcRacGAP containing the GAP domain,
though this was not the best substrate among the
fragments of the protein tested. Minoshima et al. [13]
then tested whether this phosphorylation event
altered the ability of MgcRacGAP to activate GTP
hydrolysis by RhoA and Rac. Interestingly, addition of
Aurora B kinase — but not a catalytically inactive
mutant — increased the GAP activity of MgcRacGAP
towards RhoA, though the activity against Rac and
Cdc42 appeared unaltered.
The MgcRacGAP phosphorylation site was assessed
using small peptides containing potential sites as sub-
strates, and one site, serine 387, seemed to be a sub-
strate for Aurora B. To substantiate these results,
Minoshima et al. [13] substituted a phosphomimetic
residue, aspartic acid, at potential phosphorylation
sites. They observed that an aspartic acid at position
387 somewhat activated the GAP activity versus RhoA;
moreover, this substitution greatly reduced the 
Dispatch
Research Institute of Molecular Pathology, Dr. Bohr-Gasse 7,
A-1030 Vienna, Austria. E-mail: mglotzer@imp.univie.ac.at
Current Biology, Vol. 13, R589–R591, August 5, 2003, ©2003 Elsevier Science Ltd. All rights reserved. DOI 10.1016/S0960-9822(03)00521-9
GAP activity towards Rac. As an in vivo test of the
importance of modification of this site, the authors
showed that overexpression of the mutant version car-
rying an alanine substitution at position 387 caused
cytokinesis defects, whereas an aspartic acid substitu-
tion did not. Minoshima et al. [13] conclude that phos-
phorylation of this site switches the specificity of this
RhoGAP from Rac to RhoA. They propose that RhoA-
specific GAP activity would be locally activated at the
midbody to inactivate RhoA and promote completion of
cytokinesis. These data are potentially exciting as
phosphoregulation of RhoGAP substrate specificity has
not been observed previously. 
These data should, however, be considered in light
of the crystal structures of a RhoGAP in a complex
with Rho family GTPases. The structure of the GAP
domain of p50 RhoGAP has been solved in the ground
state with Cdc42 and in conformations that are
thought to reflect the transition state with RhoA and
Cdc42 [16–18]. These structures have shown that GAP
domains induce GTP hydrolysis by positioning a basic
residue — the so-called arginine finger (arginine 305 in
p50) — next to the oxygen that bridges the β and γ
phosphate groups of GTP, thereby stabilizing the
negative charge that develops during hydrolysis.
Serine 307, which corresponds to serine 387 in
MgcRacGAP, is also located at the RhoGAP–Rho
interface (Figure 1A). In the transition state, serine 307
is in a small pocket lined by invariant residues, in par-
ticular it is sandwiched by glycine 14 in the P-loop and
glutamate 64 in switch II region of RhoA (Figure 1B). In
the ground state, serine 307 is less deeply engaged in
this pocket, but it remains in contact with the other
residues that form this pocket. The structural conser-
vation of these loops is underscored by the way it is
possible to engineer constitutively active derivatives
of the vast majority of small GTPases by mutating the
residues that correspond to glycine 14 or glutamine 63
of RhoA. Phosphorylation of serine 307 would there-
fore be predicted to similarly affect the interaction
between the GAP domain and Rac and Rho, rather
than increasing its activity towards RhoA and
decreasing its activity towards Rac. It is surprising,
therefore, that Minoshima et al. [13] found replace-
ment of serine 387 by aspartic acid dramatically
reduced its RacGAP activity and appeared to slightly
increase its RhoGAP activity.
If regulation of CYK-4/MgcRacGAP by Aurora B is a
conserved regulatory mechanism, then this phospho-
rylation site ought to be conserved. Although the GAP
domain is well conserved among CYK-4 orthologs, the
equivalent of serine 387 is substituted by a proline
residue in C. elegans CYK-4 (Figure 1C). In fact, this
residue is variable in RhoGAPs, but it is usually a
residue with a small side chain. The lack of consis-
tency between the effect of phosphorylation by Aurora
B and the replacement of serine 387 with a negatively
charged residue also suggests that this model might
need revision.
How can these observations be rationalized? One
possibility is that MgcRacGAP may have structural dif-
ferences that preclude extrapolating from the structures
of p50 bound to RhoA or Cdc42. Alternatively, the effect
of Aurora B kinase on the RhoGAP activity of MgcRac-
GAP may be due to phosphorylation of MgcRacGAP at
a site distinct from serine 387. This could have been
tested simply by assessing whether Aurora kinase stim-
ulates the GAP activity of a MgcRacGAP mutant in
which serine 387 has been replaced by alanine. At this
juncture, regulation of the GAP activity of CYK-
4/MgcRacGAP by Aurora B is an interesting possibility
that requires further experimentation.
References
1. Mishima, M., Kaitna, S., and Glotzer, M. (2002). Central spindle
assembly and cytokinesis require a kinesin-like protein/RhoGAP
complex with microtubule bundling activity. Dev. Cell 2, 41-54.
2. Jantsch-Plunger, V., Gönczy, P., Romano, A., Schnabel, H., Hamill,
D., Schnabel, R., Hyman, A.A., and Glotzer, M. (2000). CYK-4. A rho
family GTPase activating protein (gap) required for central spindle
formation and cytokinesis. J. Cell Biol. 149, 1391-1404.
3. Hirose, K., Kawashima, T., Iwamoto, I., Nosaka, T., and Kitamura, T.
(2001). MgcRacGAP is involved in cytokinesis through associating
with mitotic spindle and midbody. J. Biol. Chem. 276, 5821-5828.
4. Somers, W.G., and Saint, R. (2003). A RhoGEF and Rho family
GTPase-activating protein complex links the contractile ring to cor-
tical microtubules at the onset of cytokinesis. Dev. Cell 4, 29-39.
5. Schumacher, J.M., Golden, A., and Donovan, P.J. (1998). AIR-2: An
Aurora/Ipl1-related protein kinase associated with chromosomes
and midbody microtubules is required for polar body extrusion and




Figure 1. Structures of RhoGAP–Rho complexes.
(A) Structure of the p50 RhoGAP–Rho interface (PDB:1TX4).
RhoA (pink) and p50RhoGAP (green) are shown in the transition
state. Arginine 305 (red) is localized next to the GDP.AlF4–
complex (grey). Serine 307 is close to glycine 14 (orange) and
glutamic acid 64 (purple). (B) Alignment of selected parts of the
P-loop and switch II regions of Rho family GTPases showing
the conservation of these loops. Each of these sequences is
invariant in human, Drosophila and C. elegans. (C) Alignment of
CYK-4 and its orthologs, MgcRacGAP and Dm RacGAP50C,
with the structurally characterized p50 RhoGAP in the vicinity
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